Eight animals with abdominal fetuses were found in a relatively small colony of Djungarian hamsters. All the fetuses were macerated. Some had remains of an amniotic sac with an umbilical attachment to a placenta adherent to the peritoneum, but others were without placental remains. Gross and histological examinations failed to reveal any ruptures of the uterus or oviducts. It was not possible to decide whether the abdominal pregnancies were primary or secondary.
Introduction
Although abdominal pregnancy has been recognised for over 900 years (Albucassis quoted by Masani, 1949) , the condition is uncommon and still causes controversy as to whether it is primary, or secondary to rupture of the uterus or oviduct. A single case of primary abdominal pregnancy in man has been described by Maxwell, Eastman & Smetana (1927) , and Bland-Sutton (1904) and Schumann (1931) have described examples in the rabbit, dog, cat and man. A literature search has not revealed any record of the condition in other laboratory animals. The occurrence of 8 instances of ectopie pregnancy in a relatively small colony of Djungarian hamsters, within a period of 12 months, was therefore considered to be of interest. An attempt was made to determine whether the extra-uterine gestations were primary, or secondary to uterine rupture.
Materials and Methods
Three male and three female Djungarian hamsters (Phodopus sungorus) were obtained in November 1974 from the Institute of Cancer Research, Geneva, Switzerland. From these three breeding pairs a colony has been established at Harwell using a system of random outbreeding. Single males and females were put together at 8 and 12 weeks of age respectively and produced litters at intervals of 18 days or more. Young were weaned at 16-18 days of age. Approximately 90 breeding pairs have been used to maintain the stock and to provide animals for experiments.
Additional breeding pairs (89) were maintained during a reproductive capacity experiment following treatment of the females with 400 rad X-rays, 1-6 mg triethylenemelamine/kg or 75 mg isopropylmethane sulphonate/kg body weight. Irradiation was given bilaterally to the caudal two-thirds of the body and the chemical mutagens were dissolved in Earle's balanced saline solution (EBSS) and administered as a single intraperitoneal injection of approximately 1 ml. Control females received approximately 1 ml EBSS intraperitoneally. 
Results
Out of a total of 179 females, 8 were found to have an abdominal pregnancy, giving an incidence of approximately 4-5% (Table 1) . One animal (from stock) was found dead but the other 7 were killed because although they appeared pregnant they had failed to produce a Utter at the expected time.
The variations in the length of the interval between the production of the last litter and the time that the hamster was killed (Table 1) were due to the system of management. Since this species was new to our laboratory all old breeding pairs were retained to observe for spon¬ taneous pathology and to establish a normal lifespan. Consequently, these hamsters were only killed when they became moribund. The experiment to which the other females belonged was investigating the effects of chemical mutagens and radiation on fertility. It was decided that 3 months without a litter was a good indication of sterility, so at this time all females which had not produced a litter were examined. If fetuses were palpable in the abdomen then the animals were allowed to live longer. However, if parturition still did not occur the animal was killed. Thus it was often several months before the abdominal pregnancies were discovered. All the affected hamsters had previously produced normal litters in numbers ranging from 3 to 20 and with a total number of offspring from 6 to 99 (Table 1 ).
The number of ectopie fetuses varied from 1 to 5 and all were macerated, having the charac¬ teristic appearance of a fetus which had died and undergone degeneration in the absence of bacteria. Some were closely enveloped by the remains of an amniotic sac but others had no membranous coverings. In Hamster H 4 out of 5 fetuses had umbilical attachments to placentae which were adherent to the abdominal wall (Plate 1). One of the 4 ectopie fetuses of Hamster E had a placenta attached to the abdominal surface of the diaphragm. All the other fetuses were lying free in the abdomen with no associated placentae ( Table 1 ). All the fetuses had reached about the same stage of development at the time of their death and were advanced in gestation with good skeletal development and well differentiated limbs. The mean interval between the natural delivery of a living litter and death was 120 days for Hamsters A, and C with no placental remains, 95 days for Hamster E with placental remains for 1 of 4 fetuses and 36 days for Hamster with 4 of the 5 fetuses with placental attachments (Table 1) .
The reproductive tract was normal in 7 females but Hamster had large cysts in both ovaries and a blood-filled cystic dilatation of the left horn of the uterus (Plate 1). No evidence of a recent or previous rupture of the uterus or oviducts was found in any of the affected hamsters. Three females had an associated purulent peritonitis with the ectopie fetuses embedded in the PLATE 1
The abdomen of Hamster H showing the 5 extrauterine fetuses (F1-F5). The arrows point to the umbilical attachments of the placentae (P) which are adherent to the peritoneum. Both ovaries have large cysts (C). The right horn of the uterus is labelled U and the left horn, which has a blood-filled dilatation, S.
(Facingp. 680) exudates (Table 1) . Samples were not taken for bacteriological examination, but no organisms were seen in the histological sections using Gram and Giemsa staining. Histological examination of the fetuses revealed only massive necrosis and differentiation of the tissues was difficult. The enveloping membranes, when present, were intensely eosinophilic and infiltrated with neutrophil leucocytes. Histological sections of the attachments of the placenta to the abdominal wall and diaphragm showed no evidence of true placentation, only the presence of a fibrinous peritonitis.
Discussion
Abdominal pregnancy may be divided into primary and secondary types. Primary abdominal pregnancy involves the extrusion of the ovum from the fimbriated end of the uterine tube into the peritoneal cavity, either after or possibly before fertilization, followed by implantation and development within the abdominal cavity. Secondary abdominal pregnancy follows rupture of the uterus or oviducts releasing the fertilized ovum or the developing embryo into the abdominal cavity. The placentae and membranes may or may not be expelled from the uterus into the abdominal cavity with the fetus. Some reports describe allegedly primary cases (Maxwell et al, 1927; Masani, 1949) , but the vast majority deal with secondary abdominal pregnancy (Bland-Sutton, 1904; Schlottauer & Wakin, 1955; Fry & Jones, 1973; McClure & Chang, 1975) . The authors cited agree that unless there is a placental attachment to the peritoneum the abdominal pregnancy should not be regarded as primary. Positive evidence of a uterine or tubai rupture is not considered essential to substantiate the diagnosis of the secondary type.
In women, approximately 1-3% of pregnancies are ectopie (Wilson, Beecham & Carrington, 1971 ). The majority are tubai of which many will abort but some will progress to rupture the oviduct and give rise to a secondary abdominal pregnancy. However, the literature indicates that abdominal pregnancy is extremely uncommon in other animals. Lapin & Yakovleva (1960) report only 3 abdominal pregnancies in 1892 pregnancies in monkeys (0-15%) and Schlottauer & Wakin (1955) saw only one case (in the dog) during 30 years at the Mayo Institute of Experimental Medicine. No reports of abdominal pregnancies have been found in the limited literature on Djungarian hamsters. However, in our colony of Djungarian hamsters the incidence of abdominal pregnancy has reached approximately 0-4% of all pregnancies and approximately 4-5% of breeding females have been affected. There was no greater incidence in the females which had received mutagens.
The variation in the extent of the placentation associated with the abdominal fetuses was related to the number of previous litters and consequently also to the number of previous offspring; the higher the number of previous litters and offspring, the more likelihood there was of finding a placenta attached to the ectopie fetuses. In the three females with peritonitis no placentae were identified, but this may have been because of the extensive adhesions or destruction by an active inflammatory process. No hypothesis has been found to explain this correlation between placen¬ tation and the number of previous litters. However, the absence of placentae in 3 animals and of one placenta in Hamster H (Table 1) , which had 5 ectopie fetuses but only 4 placentae, suggests that these cases of abdominal pregnancy were more likely to be secondary, the placentae having been extruded from the uterus along with the fetuses in some animals but not in others.
It seems unlikely that uterine rupture, an accidental phenomenon, would take place at the same stage of gestation in all animals unless this happened during parturition. With secondary abdominal pregnancy, therefore, the fetuses in the different litters would be expected to be of different sizes. If the rupture occurs only at parturition then the fetuses would be of similar size, but infection and peritonitis would probably follow since the cervix is open at parturition. Although peritonitis was present in 3 hamsters in the present series, no evidence of uterine rupture was found, although examination was difficult because of extensive adhesions, and no organisms were detected histologically, suggesting a sterile inflammatory response to the dead fetuses rather than an infective peritonitis.
On the other hand, primary abdominal pregnancy would be expected to result in dead fetuses of similar size given that death would occur at the stage when the crude placental attachment no longer provided sufficient nutrition. That abdominal fetuses can develop to an advanced stage without an elaborate placentation has been shown by the reports of pregnancy following ovariohysterectomy (Adams & Schreier, 1957; Hanes, 1964; Carrig, Gourley & Philbrick, 1972) , presumably due to fertilized ova being extruded from the oviduct during surgery and developing in the abdomen.
In this series of hamsters there was no evidence, either gross or microscopic, of rupture of the uterus or oviduct, and all of the abdominal fetuses were of similar size and stage of development.
Furthermore, the ectopie fetuses in 2 females had placentae which were adherent to the peritoneum. These findings suggest that the abdominal pregnancies might be primary whereas the facts presented above point to them being of a secondary nature. It is not possible with the evidence available to state categorically whether these abdominal pregnancies were primary or secondary.
In our Djungarian hamsters the interval between normal births ranges from 18 to 25 days. This degree of variation may be due to a degree of infertility in the post-parturient matings or possibly to delayed implantation. If delayed implantation proves to be the cause this could be a factor in this high incidence of abdominal pregnancy, whether it is primary or secondary, since an unimplanted fertilized ovum may be expelled from the uterus into the oviduct or even into the abdominal cavity. However, no reports of abdominal pregnancy have been found in the literature on those species which are known to exhibit delayed implantation.
